The D,D-carboxypeptidase PBP3 organizes the division process of Streptococcus pneumoniae.
Bacterial division requires the co-ordination of membrane invagination, driven by the constriction of the FtsZ-ring, and concomitant cell wall synthesis, performed by the high-molecular-weight penicillin-binding proteins (HMW PBPs). Using immunofluorescence techniques, we show in Streptococcus pneumoniae that this co-ordination requires PBP3, a D,D-carboxypeptidase that degrades the substrate of the HMW PBPs. In a mutant deprived of PBP3, the apparent rings of HMW PBPs and that of FtsZ are no longer co-localized. In wild-type cells, PBP3 is absent at the future division site and present over the rest of the cell surface, implying that the localization of the HMW PBPs at mid-cell depends on the availability of their substrate. FtsW, a putative translocase of the substrate of the PBPs, forms an apparent ring that is co-localized with the septal HMW PBPs throughout the cell cycle of wild-type cells. In particular, the constriction of the FtsW-ring occurs after that of the FtsZ-ring, with the same delay as the constriction of the septal PBP-rings. However, in the absence of PBP3, FtsW remains co-localized with FtsZ in contrast to the HMW PBPs. Our work reveals an unexpected complexity in the relationships between the division proteins. The consequences of the absence of PBP3 indicate that the peptidoglycan composition is central to the co-ordination of the division process.